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ABSTRACT  
A cross-sectional survey was conducted in the Ejisu-Juaben District to determine the prevalence 
of asymptomatic malaria and anaemia, and treatment outcomes in pupils of seven public schools 
public schools in a rural community in the forest belt of Ghana.  Children with confirmed ma-
laria parasites were randomly assigned to be treated with Artemisinin-based combination thera-
pies available on the Ghanaian market. Post-treatment days 14 and 28 follow-up blood samples 
were taken to determine the treatment outcomes on peripheral parasitaemia and haemoglobin 
(Hb) concentrations. Out of 812 pupils (without malaria symptoms) who were screened, the 
baseline parasitaemia prevalence was 58.6%. Parasitaemia prevalence across the seven (7) pub-
lic schools ranged from 49.7% to 71.0% (p =0.002). Post-treatment parasitaemia among the dif-
ferent treatment regimes were significant only at day 28 (p<0.001). The mean Hb concentration 
on the screening day was 10.5g/dl and over 60% of pupils were mildly anaemic (Hb <11.0g/dl) 
whereas 14% had Hb <8.0g/dl. Post-treatment Hb conce trations of pupils by days 14 and 28 
were 11.4g/dl and 11.7g/dl with an improvement of 0.7g/dl and 0.9g/dl respectively over the base-
line Hb concentration (p<0.001). The overall proportion of children with Hb concentrations 
<11.0g/dl was 32.6% and 25.3% by days 14 and 28 respectively. The burden of malaria nd 
anaemia among school children is high and warrants investment to reduce these levels. These 
findings could  be a reflection of the health situation that pertains in the basic public schools 
especially in the rural forest areas of Ghana. 
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INTRODUCTION 
Malaria episodes among African children are 
estimated to be between 1.6 and 5.4 million 
each year. This varies according to geographi-
cal and epidemiological circumstances 
(Murphy et al., 2001). Research has shown that 
about 75% of the total number of deaths of 
children as a result of malaria is recorded in 
Africa (RBM, 2002; WHO, 2003; UNICEF, 
2006). The disease contributes greatly to anae-
mia and accounts for about one-in-five of all 
childhood deaths (UNICEF, 2004). In malaria-
endemic areas, a significant proportion of chil-
dren harbour parasites without presenting signs 
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of clinical malaria and are considered asympto-
matic cases (Greenwood, 1987; Landry-Erik et 
al., 2003). Asymptomatic malaria can affect the 
individuals who carry the parasites and are 
cryptic carrier reservoirs for the community 
(Osorio et al., 2004; Ashton et al., 2011). 
 
School children are often thought of as natu-
rally healthy as long as they turn up at school. 
However, studies have shown that in Africa, 
more than half of the school children are 
stunted in height and are anaemic (WHO, 1997; 
Partnership for Child Development, 1998).  In 
many areas, most school children are infected 
with worms, Schistosoma nd malaria parasites. 
These highly prevalent conditions are all asso-
ciated with impaired cognitive ability 
(Fernando et al., 2003). Ensuring good health 
when children are of school-going age can 
boost attendance and educational achievement 
(Snow et al., 1999). The impact of repeated 
malaria episodes on the d velopment of the 
child, particularly as they relate to mental and 
cognitive function, could be relevant to the later 
potential and prosperity of the individual and 
the community (Siâne et al., 1998; Siâne et al., 
2004). Little is known about malaria among 
school children despite the potential impact 
malaria can have on school performance and 
educational attainment (Holding et al., 1999; 
Holding and Snow, 2001; Fernando et al., 
2003).  
 
Although nutritional deficiencies, hookworm 
infection, HIV and haemoglobinopathies all 
predispose to the development of anaemia in 
children, evidence suggests that, in endemic 
countries, malaria is one of the most important 
factors (Murphy and Breman, 2001). Individu-
als chronically infected with malaria parasites 
are usually unidentifiable by most malaria con-
trol programmes (Osorio et al., 2004). Schools 
however, can offer a potential delivery mecha-
nism for interventions but data are lacking to 
determine whether or not the burden of malaria 
among school children is sufficient to warrant 
investment (Bundy et al., 2000).  
This study sought to determine the prevalence 
of parasitaemia and anaemia among school 
children in pre- and primary schools and to 
assess the effect of different Artemisinins-
based combination therapies (ACTs) on the 
haemoglobin (Hb) levels of infected individuals 
by days 14 and 28 post-treatment follow-up.  
 
MATERIALS AND METHODS 
Study Area 
The study was carried out in the Ejisu-Juaben 
municipality which is one of the 27 districts 
and municipalities of the Ashanti Region, 
Ghana. Its population in the year 2004 was pro-
jected at 145,626 with a growth rate of 2.7%. 
The population aged below one year is 4% and 
pre-school children constituted 20% of the 
population. The climate is tropical: temperature 
variation is 20oC - 36oC with monthly rainfall 
varying from 2.0 mm in February to 400 mm in 
July. It is a predominantly rural district, with 
the main occupation of the people being subsis-
tence farming. Malaria is the leading cause of 
outpatient department (OPD) visits (44.3%). 
Malaria is hyper-endemic (Browne et al., 2000) 
and accounts for 42.9% of the total admissions 
of the top-five diseases in the district (Ghana 
Health Service/Ejisu-Juaben Municipal Health 
Management Team, 2003). There is little sea-
sonal variation in malaria transmission, parasite 




The study population comprised of pre-school 
and primary school children aged 3 to 10 years, 
head teachers, opinion leaders and mothers or 
caregivers of pupils resident in seven farming 
communities. The municipality has five (5) sub
-districts: Achiase, Bomfa, Ejisu, Juaben and 
Kwaso. Simple random sampling was used to 
select two sub-districts – Juaben and Bomfa. 
These two (2) sub-districts have a total of 54 
communities out of which 37 are rural farming 
communities while the rest have peri-urban and 
urban characteristics. Seven (7) rural farming 
communities: Abesewase, Abetinim, Atia, 
Nkyerepoaso, Odoyefe, Ofoase, and Nobewam 
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were randomly selected for the study. Each of 
these communities had one public school. All 
the pupils (920) in these schools who were aged 
3-10 years were screened and 898 were found 
to be eligible for the study; the children were 
without chronic or severe diseases such as 
anaemia and sickle cell disease or not on medi-
cation for these diseases.  
 
Two data collection sessions were undertaken: 
from January to March, 2006 and from May to 
August, 2006 coinciding with the dry and wet 
seasons respectively. A total of 82 eligible pu-
pils were enrolled after their parents/caregivers 
consented to their participation in the study, 
and their weights and temperatures were re-
corded; 86 parents/caregivers did not consent to 
their children’s participation. Finger-pricked 
blood samples were used to prepare thick and 
thin blood films. These blood films were 
stained with 3% Giemsa-stain for 30 minutes 
and examined microscopically using the X100 
objective.  A slide was declared negative after 
examining 200 high power fields. Each thick 
blood smear was read by two different highly 
qualified slide readers, and parasitaemia was 
quantified against 200 white blood cells.  
 
Thick blood smears were read twice and parasi-
taemia quantified against 200 white blood cells.  
An assumption of 8000 leucocytes per micro-
litre of blood was used to calculate the parasite 
density.  Discrepant slides were read again by a 
third slide reader and the majority opinion 
taken. All the pupils with parasitaemia were 
randomly treated with various ACTs available 
on the Ghanaian market. Their haemoglobin 
concentrations were determined to an accuracy 
of 1g/dl with the HemoCue haemoglobinometer 
(HemoCue AB, Angelholm, Sweden) using 
capillary blood samples drawn at days 0, 14 
and 28. We recorded the post-treatment haemo-
globin and parasitaemia levels of the same pu-
pils at days 14 and 28 follow-up.  
 
Ethical clearance was obtained from the School 
of Medical Sciences-Komfo Anokye Teaching 
Hospital Committee on Human Research, Pub-
lications and Ethics (CHRPE) and the Ghana 
Health Service Ethical Review Committee on 
Research Involving Human Subjects 
(ERCRIHS). Administrative clearance was 
obtained from the district directorates of the 
Ghana Health Service and Ghana Education 
Service respectively. Community chiefs and 
leaders also gave their approval for the study. 
Verbal consent was obtained from the mothers 
or caregivers of eligible children before they 
were enrolled into the study. All information 
collected was treated confidentially and used 
for research purposes only. 
 
Statistical analyses 
Data were double-entered using EPI-Info ver-
sion 3.3.2 (CDC, Atlanta; WHO Geneva) and 
statistical analysis was conducted using 
STATA version 9.1 (Stata Corp., College Sta-
tion, Texas: StataCorp LP, USA). Descriptive 
statistics was used to summarize and display 
the data in tables and graphs. The effect of 
treatment with ACTs on Hb outcome was as-
sessed by determining the absolute change from 
the baseline Hb (day 0) and, days 14 and 28 
using One-way Analysis of Variance 
(ANOVA) and t-test for group data. The mean 
Hb concentration of each treatment group was 
compared with Hb concentration for the treat-
ment group that received Artesunate-
Amodiaquine (ART+AMQ) which is the stan-
dard treatment option in Ghana for uncompli-
cated malaria. For continuous variables, the 
estimates were for differences in means at 95% 
confidence interval.  
RESULTS AND DISCUSSION 
The results are based on the analyses of daa 
from 812 school pupils drawn from the seven 
(7) public schools. The same pupils examined 
at day 0 (baseline), were examined again at 
days 14 and 28 post-treatement. Of the the total 
of 812 school pupils screened for malaria para-
sites, 476(58.6%) wee positive; less tha 1% of 
the slides needed to be read by a third slid 
reader. Out of these 476 who were positive at 
day 0 and were treated with ACTs, 398 (83.8%) 
were available for Hb concentration assessment 
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at day 14 (loss of 16.2% to follow-up between 
days 0 and 14), while 390 (81.9%) were avail-
able for the same assessment at day 28 (loss of 
18.1% to follow-up between days 0 and 28, and 
2.3% between days 14 and 28). 
 
Parasitaemia prevalence 
The overall parasetaemia prevalence in the 
study sample was 59% and among those with 
parasitaemia, it was significantly higher in the 
wet season compared with the dry season 
(=0.0001). The parasitaemia prevalence varied 
from community to community ranging from 
49.7% in Abetenim to 71% in Nkyerepoase 
(p=0.002). Species of Plasmodium detected 
were: falciparum (97.4%), malariae (1.6%) and 
ovale (1%) with a gametocyte rate of 5.3%. The 
mean age of pupils was 7.3 years (SD±3.14) 
with a range of 3-10 years. Parasitaemia varied 
only slightly (p=0.6) among the different age 
groups (data not shown).  
 
Baseline weights, haematological indices and 
temperatures of pupils (day 0) 
The baseline weights of the children screened 
ranged from 11.0kg to 35.0kg with a mean of 
18.3kg (SD ±3.7). The haemoglobin (Hb) con-
centrations ranged from 7.1g/dl to 14.6g/dl with 
a mean of 10.8g/dl (SD ±1.2). The Hb concen-
trations of pupils with peripheral parasitaemia 
ranged from 7.1g/dl to 14.0g/dl with a mean of 
10.8g/dl (SD ±1.2) whereas those without the 
parasites had Hb concentrations ranging from 
8.0g/dl to 14.6g/dl with a mean of 11.1g/dl (SD 
±1.2). Over 60% of the pupils screened were 
anaemic (Hb <11.0g/dl) of which 14% had Hb 
<8.0g/dl. Body temperatures of pupils ranged 
from 34.5ºC to 39.5ºC with a mean of 36.5ºC 
(SD ±0.6). The baseline (day 0) body weights, 
temperatures and haematological indices 
among the study communities varied only mar-
ginally (Table 1). 
 
Parasitological outcomes after initial treat-
ment with ACTs in pupils  
The incidence of parasitaemia at days 14 and 
28 after treatment with ACTs are summarized 
in Fig. 1. The failure was higher at day 28 
(n=390) compared with day 14, except for 
Amotex®. This suggests that, when compared 
with the other ACTs used in the study, 
Amotex® may be more effective in clearing 
malaria parasites. 
 
Haematological outcomes after initial treat-
ment with ACTs in pupils 
In Table 2, by day 14, the overall proportion of 
children with haemoglobin (Hb) concentrations 
between 8.0 to 10.9g/dl was 32.6% whereas 
children with Hb concentrations ≥11.0g/dl was 
67.4% with an overall mean Hb concentration 
of 11.5g/dl. Within the treatment groups, the 
proportion of children with Hb concentrations 
between 8.0 to 10.9g/dl ranged from 26.8% to 
37.5% with mean Hb concentrations ranging 
from 11.3 to 11.7g/dl. 
 
By day 28, the overall proportion of children 
with haemoglobin (Hb) concentrations between 
8.0 to 10.9g/dl was 25.3% whereas children 
with Hb concentrations ≥11.0g/dl was 74.7 % 
with an overall mean Hb concentration of 
11.7g/dl, an insignificant increase of 0.2g/dl 
over the day 14 mean Hb (p=0.4). Within the 
treatment groups, the proportion of children 
with Hb concentrations between 8.0 to 10.9g/dl 
ranged from minimum of 21.4% to a maximum 
of 30.8% with mean Hb concentrations ranging 
from 11.5 to 12.0g/dl. (Table 3) 
 
The change in mean Hb concentrations by days 
14 and 28 within the treatment groups were 
compared as shown in Table 4. Many of the 
treatments showed significant increases in 
mean Hb levels between days 0 and 14 (ART/
AMQ, ART/CQ, ART/LAPDAP, and Coar-
tem®) but only two (ART/AMQ and Coar-
tem®) showed statistically significant differ-
ences in mean Hb levels between days 0 and 
14, and days 0 and 28 respectively. 
 
The antimalarials used in the study were avail-
able on the Ghanaian market and were manu-
factured by: MAPHAR of Morocco Arsu-
cam®),Wufung Pharma of Germany 
(Lapdap™), F. Hoffmann-La Roche of Switzer- 
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Wgt=weight 
Variable Total Mean Wgt 
(Kg) 
SD ±   Mean Hb 
(g/dl) 
SD ±   Mean 
Temp (ºC) 
SD ± 
Abetenim 144 19.5 3.9   11.0 1.1   36.5 0.5 
Atia 161 17.3 2.5   10.2 1.0   36.4 0.9 
Ofoase 173 18.5 4.0   11.3 1.5   36.5 0.8 
Abesewase 52 16.4 3.5   10.6 1.3   36.6 0.9 
Nkyerepoase 172 19.8 3.7   10.9 1.0   36.4 0.7 
Nobewam 92 17.0 2.3   10.7 1.4   36.6 1.1 
Odoyefe 18 18.7 2.3   10.1 1.6   36.6 0.9 
Table 1: Baseline body weight, temperature and haematological indices of pupils (n=812) 
 




8 – 10.9                      ≥ 11           Mean    SD±      Min    Max     Total 
n              %         n            % 
ART/SP 23 31.9 49 68.1 11.5 1.1 8.9 13.5 72 
ART/AMQ  28 34.6 52 65.4 11.4 1.2 8.7 15.6 81 
ART/MQ  7 26.9 19 73.1 11.6 1.2 9.4 13.9 26 
ART/LAPDAP  11 26.8 30 73.2 11.7 1.2 8.9 14.3 41 
Coartem 12 30.8 27 69.2 11.4 1.1 9.3 13.8 39 
ART/CQ  28 33.3 56 66.7 11.6 1.1 8.9 14.6 84 
Amotex 21 37.5 35 62.5 11.3 1.1 8.9 14.6 56 
Total 130 32.6 269 67.4 11.5 1.2 8.7 15.6 399 
Table 2: Haemoglobin concentrations at day 14 post-treatment (N=399) 
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 Table 3: Haemoglobin concentrations at day 28 post-treatment (n=390) 
HB (g/dl) 
Day 28 
 8 – 10.9                       ≥ 11                      Mean            SD±     Min      Max       Total 
  n             %              n            % 
ART/SP 20 29.9 47 70.1 11.5 1.0 9.5 14.6  67 
ART/AMQ   17 22.1  60 77.9 11.7 1.1 8.9 14.6  77 
ART/MQ   7 28 18 72 11.7 1.2 9.8 14.3  25 
ART/LAPDAP   9 21.4  33 78.6 11.8 1.1 9.6 14.7  42 
Coartem 12 30.8  27 69.2 11.5 1.2 8.9 13.4  39 
ART/CQ   22 26.2  62 73.8 11.7 1.0 8.8 14.2  84 
Amotex  12 21.4  44 78.6 12.0 1.2 9.7 15.5  56 
Total 99 25.3  291 74.7 11.7 1.1 8.8 15.5 390 
Table 4: Comparison of mean Hb changes within treatment groups at days 0, 14 and 28 
 
Treatment  Baseline (Day 
0) Hemoglobin  
Day 14  
Hemoglobin  
Day 28  
Hemoglobin  





11.15 (1.18) 11.68 (1.30) 11.57 (0.95)  p-value 0 vs. 14=0.05 
p-value 0 vs. 28=0.11 
p-value 14 vs. 28=0.21  
ART/CQ, mean 
(SD) 
N=29 Children  
10.85 (1.47)  11.51 (1.13)  11.60 (1.14)  p-value 0 vs. 14=0.055 
p-value 0 vs. 28=0.02 
p-value 14 vs. 28=0.17 
ART/LAPDAP™ 
mean (SD) 
 N=18 children  
11.13 (1.50) 11.95 (1.45)  11.66 (1.67)  p-value 0 vs. 14=0.04 
p-value 0 vs. 28=0.27 
p-value 14 vs. 28=0.80 
ART/Lariam®, 
mean (SD) 
N=11 children  
11.07 (1.54) 11.35 (1.38)  11.29 (1.03)  p-value 0 vs. 14=0.61 
p-value 0 vs. 28=0.65 
p-value 14 vs. 28=0.95 
ART/Malafan™ 
mean (SD) 
N=29 children  
13.93 (2.97)  11.81 (1.07)  11.21 (0.92)  p-value 0 vs. 14=0.49 
p-value 0 vs. 28=0.37 




10.86 (0.79)  11.32 (1.18)  11.97 (1.38)  p-value 0 vs. 14=0.10 
p-value 0 vs. 28=0.0003 
p-value 14 vs. 28=0.001 
Coartem®, mean 
(SD) 
N=21 children  
10.73 (0.97)  11.63 (1.18)  11.31 (0.86)  p-value 0 vs. 14=0.01 
p-value 0 vs. 28=0.05 
p-value 14 vs. 28=0.66  
ART= Artesunate, AMQ= Amodiaquine, CQ= Chloroquine, MQ= Mefloquine 
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rland (Lariam®), Phyto-Riker-GIHOC of 
Ghana (Amodiaquine and Chloroquine), Dan-
pong-Adams Pharmaceuticals Ltd., of Ghana 
(Artesunate), Kinapharma Ltd., of Ghana 
(Malafan™ and Amotex®) and Beijing Novar-
tis Pharma Ltd., of China (Coartem®). The 
Ghanaian public is able to access these medica-




The parasitaemia prevalence rate among school 
children was high. Of the 812 two eligible pu-
pils screened, about 59% of them had malaria 
parasites and over 60% of these pupils were 
mildly anaemic. These findings are consistent 
with results of studies conducted in school chil-
dren of holo-endemic western Kenya, Cotonou 
in Benin, and Ouagadougou in Burkina Faso 
(Siâne et al., 2004; Muchiri and Magnussen, 
2004; Wang et al., 2005). In malaria-endemic 
areas, asymptomatic cases result due to devel-
opment of  variant-specific immunity and  ex-
plain the low-grade infection during extended 
periods without clinical symptoms (Staalsoe et 
al., 2004). In this study, parasite rates did not 
vary much by age.  
 
The parasite prevalence was significantly 
higher during the wet season (69%) than the 
dry season (43%). This implies that even 
though malaria transmission occurred through-
out the year, it showed marked seasonal influ-
ences. Over 5% of all chilren with parasites had 
gametocytes and were therefore cryptic carrier 
reservoirs for the communities (Osorio et al., 
2004). The impact of repeated malarial epi-
sodes is thought to have detrimental effects on 
the development of the child, particularly his/
her mental and cognitive function (Fernando et
al., 2003; Siâne et al., 2004). Although the 
school performance of a child depends on mul-
tiple factors, repeated absenteeism from school 
due to malaria significantly affects his/her per-
formance (Sternberg et al., 2001 and 2002; 
Jukes, 2005).  
 
A remarkable 60% of the asymptomatic chil-
dren were anaemic on the screening day 
(Kurtzhals et al., 1999) however, 14% of them 
had severe anaemia (Hb< 8.0g/dl). After pupils 
with malaria parasites were treated with ACTs, 
there were remarkable reductions of parasite 
prevalence by days 14 and 28 follow up and a 
corresponding increase in the mean Hb values. 
This suggests that the treatment and hence  
parsite clearance may have contributed to the 
rise in the post-treatment Hb concentrations. 
This is consistent with an improvement of Hb 
concentrations following treatment with ACTs 
(Koram et al., 2002).   
 
Malaria is associated with anaemia (Ezzati et 
al., 2002; Ashton et al., 2011), and its insidious 
nature of presentation means that mild-to-
moderate degrees of anaemia frequently remain 
undetected and untreated by health care work-
ers and in the community (Phillips-Howard et 
al., 2003; Schellenberg et al., 2003).  Studies 
have shown  that  long-term asymptomatic ma-
laria could lead to anaemia (Gendrel et al., 
1992). Other studies however, associate anae-
mia with other factors such as iron, folate and 
vitamin deficiencies, worm infestation, HIV/
AIDS and haemoglobinopathies (Lozoff et al., 
2000; WHO/UNICEF, 2001).  Thus, although 
malaria plays a key etiologic role in anaemia in 
ndemic countries, it is clear that other factors 




Asymptomatic malaria parasitaemia with asso-
ciated anaemia may be a burden in pre-school 
and primary school children in public schools 
of rural Ghana. Such infections are unlikely to 
be picked up or managed in populations where 
only those with clinical symptoms access diag-
nostic and treatment services; this may contrib-
ute to on-going transmission in these popula-
tions. It would be helpful to compare school-
based malaria survey findings with those from 
standardized community-based surveys such as 
the Multi-indicator Cluster Survey (MICS) to 
determine whether school-based surveys could  
become an alternative to the more expensive  
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community-based surveys. There is also the 
need to explore the relationship between school
-absenteeism and malaria. 
 
Not all ACTS will give the expected treatment
outcomes related to improvement in Hb levels 
among school children. A well-designed school
-based health programme for malaria can be a 
cost-effective public health intervention. It is 
recommended that more rigorous school-based 
studies are undertaken to confirm or otherwise, 
the need for investment in school-based malaria 
control interventions.  
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